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[Title of the Invention] 

PRINTHEAD AND PRINTING APPARATUS USING THE PRINTHEAD 

[Abstract] 
[Object] 

To provide a printhead capable of optimum internal 
drive control and to reduce the load relating to printhead 
drive control on a printing apparatus. 
[Construction] 

A pulse width computation circuit 12 generates a 
corrected pulse signal on- the basis of a reference drive 
pulse width signal 24 based on a reference drive condition 
stored in a memory 18 provided in the printhead IJH, 
temperature compensation data 23 obtained from a 
temperature sensor 9 provided in the printhead IJH, and 
printing duty data on an input image signal from the printer 
IJRA. Electrothermal transforming elements 4 are driven 
on the basis of the corrected pulse signal. 



20 [Claims] 
[Claim 1] 

A printhead which performs printing on a printing 
medium by using a plurality of printing elements, said 
printhead being characterized by comprising: 

input means for inputting printing data externally 
supplied; 
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drive .eans for driving the plurality of printing 
elements based on the input printing data; 

measurement ^eans for measuring the temperature of an 
internal portion of the printhead; and 

drive Signal generation means for generating a drive 
Signal most suitable for drive of the plurality of printing 
elements by said drive means on the basis of the input 
printing data and the temperature of the internal portion 
[Claim 2] 

The printhead according to claim 1, characterized by 
further comprising storage means for storing a standard 
drive condition for drive of the printhead. said printhead 
berng also characterized in that said drive signal 
generation means generates the most suitable drive signal 
so that the drive signal based on the standard drive 
condition is corrected. 
[Claim 3] 

The printhead according to claiTT, l r-v. 

y i-o Claim 1, characterized by 

further comprising: 

a reference resistor representing a standard internal 
resistance of the printhead; and 

standard drive condition generation means for 
receiving a standard drive signal for the printhead 
externally generated on the basis of said reference 
resistor, and for generating a standard drive condition 
corresponding to said standard drive signal, said printhead 
berng also characterized in that said drive signal 
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generation means generates the most suitable drive signal 
on the basis of the standard drive condition. 
[Claim 4] 

The printhead according to claim 1, characterized in 
5 that said printhead is an ink-jet printhead which performs 
printing by discharging ink. 
[Claim 5] 

The printhead according to claim 1, characterized in 
that said printhead is a printhead which discharges ink by 
10 using thermal energy, and has a thermal energy conversion 
element for generating thermal energy to be applied to ink. 
[Claim 6] 

A printing apparatus using the printhead according to 
claim 1. 
15 [Claim 7] 

The printing apparatus according to claim 6, 
characterized by comprising: 

receiving means for receiving the value of a reference 
resistor representing a standard internal resistance of the 
20 printhead from the printhead; 

drive signal generation means for generating a 
standard drive signal for the printhead on the basis of the 
value of the reference resistor received by said receiving 
means; and 

25 transmission means for transmitting the standard 

drive signal to the printhead. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a printhead and a 
printing apparatus using the printhead and, .ore 
particularly, to a printhead for performing in.-Jet 

[Background Art] 
° Arrangements for driving a printhead on the basis of 

-.-:et printing methods have been put to practical use 
Such arrangements include ni 

„ , , include (1) one such as shown in Figure 

-LI (a) m which drive tr^nc-; o-f-^ 

transistors, etc., are provided in a 

printing apparatus using the printhead while only 
electrothermal transforming elements 70 are provided in a 

a matrix circuit 71 formed by diodes, transistors, etc 
and electrothermal transforming elements 7. are formed on 
one substrate, O) one such as shown in Figure 11 <c, in which 
a logic Circuit 75 including a shift register and a latch, 
transistors 7. for driving, electrothermal transforming 
elements 73 are formed on one substrate. 
[0003] 

ordinarily, to drive a printhead on the basis of an 

ink-jet printing methods such as thr..^ ^ 

^ sucn as those described above, a 

voltage about 1 . 1 to 1 . 3 times higher than a threshold 
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starts discharging ink or starts bubbling, is applied to 
the printhead. In some cases, a power about 1 . 1 to 1 . 3 times 
higher than a power (threshold power) obtained at a 
threshold pulse width of an applied voltage is applied 
5 instead of the voltage while changing the applied voltage 
pulse width. This is because unless the printhead is driven 
at a voltage 1.1 times or higher than the threshold voltage 
or at a power 1.1 times or higher than the threshold power, 
there is a possibility of failure to normally perform 

10 printing under various environmental changes, and because 
if the drive voltage or power is higher than the level 1.3 
times higher than the threshold voltage or power, the 
durability and life requirements of the printhead cannot 
be satisfied. 

15 [0004] 

To drive the printhead while satisfying such necessary 
conditions, there is a need to improve the power supply 
accuracy of the printing apparatus main unit. However, 
there is a problem that the cost of the printing apparatus 

20 is increased if the apparatus has a power supply capable 
of supplying a large current necessary for drive of the 
printhead and capable of being controlled with high 
accuracy. Therefore there has been a demand for a printhead 
used under comparatively relaxed drive conditions without 

25 requiring accurate power supply control. 
[0005] 
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A measure ta.en to ™eet such a demand by relaxing 
pr.nthead drive conditions is. for example, increasing the 
thickness Of „iring fii„ or increasing the width of wiring 
conductors to reduce variation in wiring resistance due to 
variation in printhead manufacturing conditions 
[0006] 

on the other hand, a large current of about 1 to 2 
amperes is reguired to drive the printhead. Therefore 
there is a problem that because of the influence of the 
internal wiring resistance of a printhead drive circuit 
the effective voltage supplied to the printhead at the time 
Of rn. discharging becomes so low that the necessary power 
for in. discharging is not sufficiently supplied and the 
.n. discharging performance is reduced. To avoid this 
problem, increasing the wiring fil„ .Hic.ness, increasing 
the Wiring conductor width and other measures have been 
devised as a measure to reduce the influence of the internal 
"-ing resistance of the power supply system in the printing 
apparatus main unit. 
20 [0007] 

Also, an arrangement in which a temperature sensor such 
as a thermistor, not specially illustrated, is mounted as 
a separate part in the printhead constructed as described 
above to detect the internal temperature of the printhead 
during operation, an arrangement in which a temperature 
=ensor is fabricated on a substrate, and an arrangement in 
«hich a temperature sensor and a circuit for amplify,„, 
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output from the temperature sensor are fabricated on a 

substrate have also been proposed. 

[0008] 

in the case of printing of an image of a high printing 
' duty in particular, there is a possibility of the amount 
of discharged ink being increased by an increase in 
temperature inside the printhead to cause a reduction in 
printing quality, i.e., a blur in an image on a printing 
sheet or collapse of details, and there is also a 
possibility Of deposition of a burnt material an organic 
matter on the electrothermal transforming elements of the 
printhead with the increase in temperature in the printhead, 
which also results in a reduction in image quality. The 
increase in temperature leads to a reduction in durability 
Of the printhead . Conventional measures to cope with these 
problems with respect to the printhead constructed as 
described above include a method in which the internal 
temperature of the head is detected with a temperature 
sensor, and the printing apparatus sets drive conditions 
according to environmental temperatures on the basis of the 
detected temperature, and a method in which the internal 
head temperature is estimated on the basis of a record of 
past conditions to enable setting of drive conditions. 
[0009] 

[Problems to be Solved by the Invention] 

However, the above-described conventional 
arrangements entail a problem in that the manufacturing 
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costs of the printhead and the printing apparatus are 
increased because the film deposition process time is 
increased with the increase in wiring film thickness or 
increase in wiring conductor width in printhead internal 
wiring or in the power supply system of the printing 
apparatus, and because the number of circuit substrates 
taken from a unit wafer is reduced with the increase in the 
area of circuit substrates. 
[0010] 

There is another cause of an increase in manufacturing 
cost as described below. Since there is a need for the 
printing apparatus main unit to detect the temperature of 
the printhead or environmental temperatures or to perform 
computation using a record of past cdnditions in detection 
of the internal temperature of the conventional printhead 
or in temperature estimation, high processing ability is 
required of the printing apparatus main unit if complicated 
processing for computation is performed, and a high- 
performance or high-priced processor is required for such 
20 processing. 
[0011] 

Further, conventional printhead drive control 
according to the internal temperature of the printhead has 
been performed without consideration of the influence of 
the internal wiring resistance of the printhead drive 
circuit . Such control cannot be said to be accurate control . 
However, arrangements designed to eliminate the influence 
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of the internal wiring resistor as described above entail 

an increase in cost. 

[0012] 

The present invention has been achieved in 
consideration of the above-described conventional 
arrangements, and an object of the present invention is to 
provide a printhead which can operate with stability even 
under relaxed drive conditions to perform high-quality 
printing, and which can be manufactured at a reduced cost, 
and a printing apparatus using the printhead. 
[0013] 

[Means for Solving the Problems] 

A printhead provided to achieve the above-described 
objet is arranged as described below. The printhead 
performs printing on a printing medium by using a plurality 
Of printing elements, and has input means for inputting 
printing data externally supplied, drive means for driving 
the plurality of printing elements on the basis of the input 
printing data, measurement means for measuring the 
temperature of an internal portion of the printhead, and 
drive Signal generation means for generating a drive signal 
most suitable for drive of the plurality of printing 
elements by the drive means on the basis of the input 
printing data and the temperature of the internal portion. 
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According to the present invention in another aspect, 
a printing apparatus using the above-described printhead 
is provided. 
[0015] 
5 [Function] 

In the printhead according to the present invention 
thus arranged, the drive signal most suitable for driving 
a plurality of printing elements is produced on the basis 
of the printing data externally supplied and the measured 
10 temperature of the internal portion of the printhead, and 
the plurality of printing elements are driven on the basis 
of the drive signal and the input printing data. 
[0016] 

[ Embodiment s ] 

15 Preferred embodiments of the present invention will 

be described with reference to the accompanying drawings. 
[0017] 

<Outline of Apparatus Main Unit> 

Figure 1 is an external perspective view schematically 

20 showing the construction of an ink-jet printer (hereinafter 
referred to as "printer") IJRA which represents a typical 
embodiment of the present invention. Referring to Figure 
1, a carriage HC which engages with a spiral groove 5004 
of a lead screw 5005 rotated by being linked through drive 

25 force transmission gears 5009 to 5011 to the rotation of 
a drive motor 5013 in a normal or reverse direction has a 
pin (not shown) and is reciprocatingly moved in the 
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directions of arrows a and b while being supported on a guide 
rail 5003. An integral type of ink- jet cartridge IJC 
incorporating a printhead IJH and an ink tank IT is mounted 
on the carriage HC . A sheet pressing plate 5002 presses 
5 a printing sheet P against a platen 5000 through a region 
along the direction of movement of the carriage HC. A 
photocoupler indicated by reference numerals 5007 and 5008 
is a home position detection device which checks the 
existence of a lever 5006 of the carriage in a corresponding 

10 region, for example, to enable the direction of the rotation 
of the motor 5013 to be changed. A member 5016 supports 
a cap member 5022 with which a front surface of the printhead 
IJH is capped. A suction device 5015 is a device for suction 
inside the cap. The suction device 5015 performs suction 

15 recovery of the printhead through an opening 5023 in the 
cap. A member 5017 is a cleaning blade. A member 5019 
enables the cleaning blade to be moved along a front-rear 
direction. These members are supported on a main body 
supporting plate 5018. Needless to say, any of well-known 

20 cleaning blades other than the illustrated one may be 

applied to this embodiment. A lever 5021 is a member for 
starting suction for suction recovery. The lever 5021 is 
moved when a cam 5020 engaging with the carriage is moved. 
The movement of the lever 5021 is controlled with a drive 

25 force from the drive motor through a well-known 

transmission mechanism such as a clutch change type of 
mechanism. 
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[0018] 

The above-described components for capping, cleaning 
and suction recovery are arranged to enable the desired 
operations at the corresponding position on the basis of 
5 the operation of the lead screw 5005 when the carriage is 
moved into a region on the home position side. Any of 
methods for performing desired operations by well-known 
timing may be applied to this embodiment, 
[0019] 

10 <Description of Control Arrangement> 

A control arrangement for executing printing control 
of the above-described apparatus will next be described. 
Figure 2 is a block diagram showing the configuration of 
a control circuit for ink-jet printer IJRA. In Figure 2 

15 showing the control circuit, a block 1700 represents an 
interface for input of a printing signal, a block 1701 a 
MPU, a block 1702 a ROM in which a control program executed 
by the MPU 1701 is stored, a block 1703 a DRAM for storing 
various sorts of data (above-described printing signal, 

20 printing data to be supplied to the printhead, etc.), a 
block 1704 a gate array (G.A.) for controlling supply of 
printing data to the printhead IJH, and for controlling data 
transfer between the interface 1700, the MPU 1701, and the 
RAM 1703. Further, a block 1710 represents a carrier motor 

25 for moving the printhead IJH, a block 1709 a conveyance 
motor for conveying a printing sheet, and a block 1705 a 
head driver for driving the printhead IJH. Blocks 1706 and 
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1707 represent motor drivers for respectively driving the 
conveyance motor 1709 and the carrier motor 1710. 
[0020] 

The operation of the above-described control 
5 arrangement will be described. When a printing signal is 
input to the interface 1700, the printing signal is 
converted into printing data for printing between the gate 
array 1704 and the MPU 1701. The motor drivers 1706 and 
1707 are then operated and the printhead IJH is driven on 
10 the basis of the printing data supplied to the head driver 
1705, thus performing printing. 
[0021] 

<Conf iguration of Printhead> 

Figure 3(a) is a block diagram showing the 

15 configuration of a logic circuit 3 of the printhead in 
accordance with this embodiment. Figure 3(b) is a block 
diagram showing the configuration of details of one block 
of a pulse width computation circuit 12, which is one of 
the components of the logic circuit 3. The printhead in 

20 this embodiment is assumed to be a printhead capable of 
printing thirty-two dots, i.e., pixels, from thirty-two 
electrothermal transforming elements. Thirty-two 
electrothermal transforming elements 4, a 32-bit shift 
register 8 and a head drive circuit (described below in 

25 detail) are formed on one substrate for the logic circuit 
3. This printhead divides pixels corresponding to 
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thirty-two dots into four blocks and records a unit group 

of eight dots at a time. 

[0022] 

The configuration of the logic circuit 3 of the 
5 printhead will be described in detail. 
[0023] 

A power supply line 19 for supplying operating power 
from the printer IJRA to the head drive circuit and the 
electrothermal transforming elements is connected between 

10 the printer IJRA and the logic circuit 3 mounted on the 
printhead IJH. An image data transfer line 13 for 
transferring image data, a timing line 14 for a transfer 
clock, etc., a drive line 15 for transmitting a signal for 
printing timing of the printhead, and a temperature 

15 reference signal 16 used for temperature control are also 
connected between the printer IJRA and the logic circuit 
3. 

[0024] 

Image data sent from the printer IJRA is transmitted 
20 to the 32-bit shift register 8 through the image data 
transfer line 13. 
[0025] 

The transmitted image data is converted from a serial 
signal form into a parallel signal form on the shift 
25 register 8 and thereafter stored in latches 7. Output 
signals from the blocks (8a, 8b, 8c, and 8d) of the shift 
register 8 are input to the corresponding pulse width 



- 14 - 



computation circuit 12. The pulse width computation 
circuit 12 is also constituted of four blocks (12a, 12b, 
12c, and 12d) in correspondence with those of the shift 
register 8. The configuration of each block is shown in 
5 Figure 3(b). The blocks of the pulse width computation 
circuit 12 have a common configuration. 
[0026] 

Image data 22 branched off from the leading bit in each 
of the blocks of the shift register 8 is input to an 8- 

10 bit counter 25. On the other hand, the timing generation 
circuit 17 is supplied with a timing signal from the timing 
line 14, generates a duty count timing signal 21, and inputs 
this signal to the 8-bit counter 25. The 8-bit counter 25 
is thereby started, generates a binary printing duty data, 

15 and inputs this data to an encoder 26. The encoder 26 

converts this printing duty data into a suitable correction 
value and inputs this value to an adder 27. 
[0027] 

On the other hand, an output from a temperature sensor 
20 9 formed on the logic circuit 3 is converted from an analog 
form into a digital form by an A/D converter 10 on the basis 
of the temperature reference signal 16 supplied from the 
printer IJRA. Digital data from the A/D converter 10 is 
converted into a suitable correction value by an encoder 
25 11 to be input as a temperature correction value 23 to the 
adder 27. Figure 4(a) is a graph showing the relationship 
between the temperature detected by the temperature sensor 
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and the output value of the A/D converter 10, It can be 
understood from this graph that the output value of the A/D 
converter 10 increases with the increase in temperature. 
Figure 4 (b) is a graph showing the relationship between the 
5 temperature detected by the temperature sensor and the 
output value of the encoder 11. This graph shows that the 
pulse width correction value (the output value of the 
encoder 11) changes as the temperature rises. It has been 
experimentally confirmed that if the pulse width for a 

10 printhead having a standard drive pulse width of, for 

example, 5 |j.sec is reduced by 0.1 to 0.8 p.sec with respect 
to an increase in temperature of 35 degrees, the amount of 
burnt material on the electrothermal transforming elements 
is remarkably reduced. 

15 [0028] 

The adder 27 is also supplied with binary data 
(reference drive pulse width data) 24 which is stored in 
advance in a memory 18 (e.g., an EEPROM) of the printhead 
IJH as a pattern of printhead reference drive conditions 
20 according to the resistance values of the electrothermal 
transforming elements 4 obtained by inspection in the 
process of manufacturing the printhead. 
[0029] 

After the completion of transfer of image data, 
25 computation by the adder 27 is executed to correct the 
reference drive pulse width data' according to the corrected 
printing duty data and the encoder 11 output value (pulse 
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width correction value) in which the head temperature is 
reflected, thereby generating drive pulse width correction 
data. This correction data is latched by a latch circuit 
28 and is set in a pulse generation circuit 29 in 
5 synchronization with the next drive timing. A finally- 
corrected drive pulse signal is obtained from this circuit. 
[0030] 

This corrected drive pulse signal is input to one of 
image signal generation circuits 6, and the logical sum of 

10 this signal and the image data stored in the latch 7 in 
advance is obtained, thereby producing a drive signal 
supplied to a transistor array 5, The transistor array 5 
drives the electrothermal transforming elements 4 on the 
basis of this signal. 

15 [0031] 

Figure 5 is a time chart showing various signals 
relating to the above-described operation. According to 
this chart, image data 31 is transferred in correspondence 
with a rise of discharge timing signal 30 representing ink 

20 discharge timing, and duty count timing signal 32 is turned 
on in synchronization with the timing of transfer of the 
final block of the image data. After count on the duty of 
the image data has been performed by means of a count signal 
33, an addition operation 34 is performed by the adder 27. 

25 The corrected drive pulse signal thus obtained is reflected 
in drive when a drive trigger signal 35 is turned on in the 
next cycle of ink discharging to adjust the pulse width of 
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drive current waveform 36 of the current for driving the 

electrothermal transforming elements 4. 

[0032] 

In this embodiment, reference drive conditions set in 
5 advance by inspection in the process of manufacturing the 
printhead are corrected by using the logic circuit in the 
printhead on the basis of temperature information from the 
temperature sensor incorporated in the printhead and 
printing duty data obtained from image data transmitted 

10 from the printing apparatus. Thus, correction in which 
various operating environment conditions and printing 
operating conditions at points in time during printing 
operation are reflected can be made to perform high-quality 
printing without imposing a load on the printing apparatus 

15 main unit. 
[0033] 

The above-described printhead can be designed with no 
need to consider increasing the wiring conductor width or 
the wiring film thickness in the logic circuit and therefore 
20 has the advantage of avoiding an increase in size of the 
printhead circuit substrate. 
[0034] 

In the arrangement of this embodiment, the outputs from 
the blocks of the 32-bit shift register 8 are respectively 
25 supplied to the blocks of the pulse width computation 

circuit 12. However, the present invention is not limited 
to this arrangement. For example, an arrangement such as 
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that shown in Figure 6 may be used in which a branch line 
from the image data transfer line 13 from the printer IJRA 
is provided to directly input image data to the blocks of 
the pulse width computation circuit 12. The time chart of 
5 various kinds of signals in this arrangement is as shown 
in Figure 7. The time chart differs from that of Figure 
5 in that duty count timing signal 62 is turned on in 
synchronization with the data transfer timing of each bit 
of image data 31 to enable duty count 63 on the image data. 
10 [0035] 

This embodiment has been described with respect to the 
case where values obtained as reference drive conditions 
by an inspection step in the process of manufacturing the 
printhead are stored in the memory of the printhead. 

15 However, the present invention is not limited to this. For 
example, the arrangement may alternatively be such that a 
reference resistance value, etc. , of the printhead are read 
to the printer main unit when the printhead is mounted in 
the printer main unit, and reference drive conditions for 

20 the printhead are set by a signal from the printer main unit . 
Figure 8 shows a circuit which is an example of an 
arrangement in which reference drive pulses are generated 
in the printer main unit by reading the resistance value 
of a reference resistor 39 provided on the logic circuit 

25 substrate of the printhead, the reference drive pulse 

signal is input to a counter circuit 40 provided on the logic 
circuit substrate to enable generation of reference drive 
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condition data. In Figure 8, components identical to those 
of the circuit shown in Figure 3(a) are indicated by the 
same reference numerals. 
[0036] 

5 This arrangement eliminates the need for holding 

reference drive conditions on the printhead to enable the 
inspection step in manufacture of the printhead to be 
simplified. 
[0037] 

10 In the case where the printhead arranged as shown in 

Figure 8 is used, the printer IJRA shown in Figures 1 and 
2 measures the resistance value of reference resistor 39 
by causing a small current therethrough, produces a 
reference drive pulse signal for the printhead on the basis 

15 of the measured resistance value, and transmits the 

reference drive pulse signal to the printhead. Processing 
for producing the reference drive pulse signal is performed 
in the control circuit of the printer IJRA, particularly 
by the MPU 1701. 

20 [0038] 

[Other Embodiments ] 

Other embodiments of the printhead mounted on the 
printer shown in Figures 1 and 2 will be described. While 
the preceding embodiment has been described with respect 

25 to a case where reference drive conditions are stored in 
advance in the memory in the printhead and are read out when 
the printing operation is actually performed, or a case 
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where the printer reads a reference resistance value 
provided in the printhead, generates reference drive 
conditions, and transmits the reference drive conditions 
to the printhead, and corrected drive pulses are generated 
in the printhead, this embodiment will be described with 
respect to an example of an arrangement in which drive 
pulses suitably corrected can be generated in the printhead 
without using such reference drive conditions. 
[0039] 

Figure 9(a) is a block diagram showing the 
configuration of a logic circuit 3 of a printhead in 
accordance with this embodiment, which is capable of 
printing thirty-two dots, i.e., pixels, from thirty-two 
electrothermal transforming elements. Figure 9(b) is a 
block diagram showing the configuration of details of one 
block of a pulse width computation circuit 112 in accordance 
with this embodiment, which is one of the components of the 
logic circuit 3. In these figures, the same components as 
those of the printhead described above in the preceding 
embodiment are indicated by the same reference numerals, 
and the description of them will not be repeated. The 
operation of this embodiment will be described below with 
respect to characteristic points only. 
[0040] 

Image data transmitted from the printer IJRA and set 
in a shift register 8 is input from blocks 8a to 8d of the 
shift register to corresponding pulse width computation 



circuits 112a to 112d. Image data 22 branched off from the 
leading bit in each of the blocks of the shift register 8 
is input to an 8-bit counter 25. On the other hand, a timing 
generation circuit 17 is supplied with a timing signal from 
5 the timing line 14, generates a duty count timing signal 
21, and inputs this signal to the 8-bit counter 25. The 
8-bit counter 25 is thereby started, generates a binary 
printing duty data, and inputs this data to a latch circuit 
125. The data is temporarily stored in the latch circuit 
10 125. 

[0041] 

On the other hand, an output from a temperature sensor 

9 formed on the logic circuit 3 is converted from an analog 
form into a digital form by an A/D converter 10 on the basis 

15 of a temperature reference signal 16 supplied from the 
printer IJRA. 
[0042] 

Digital temperature data 122 from the A/D converter 

10 and the latched printing duty data are input to a decoder 
20 126 to be converted into suitable binary corrected data. 

This data is input to a pulse generation circuit 127. The 
pulse generation circuit 127 is supplied with a printing 
timing signal 115 through a drive line 15 from the printer 
IJRA, and generates a corrected pulse 130 in 
25 synchronization with a fall of the printing timing signal 
115, as shown in the timing chart of Figure 10. This 
corrected pulse is output to a corrected pulse generation 
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circuit 128 . In the corrected pulse generation circuit 128 , 
the logical sum of the printing timing signal 115 and the 
corrected pulse 130 is obtained, thereby producing a 
corrected drive pulse 129, as shown in Figure 10. 
5 [0043] 

The corrected drive pulse thus produced is input to 
an image signal generation circuit 6. The electrothermal 
transforming elements 4 are driven in the same manner as 
in the above-described embodiment. 
10 [0044] 

According to this embodiment, it is not necessary to 
provide a memory for storing reference drive conditions or 
a reference resistor in the printhead, and corrected drive 
pulses can be generated by using a simpler arrangement in 
15 the printhead. 
[0045] 

In this embodiment, the encoder for encoding the 
temperature sensor output and the encoder for encoding the 
printing duty output are provided separately from each 
20 other. However, the present invention is not limited to 
this . For example, the two encoders may be combined in such 
a manner that the printing duty output encoder also has the 
function of encoding the temperature sensor output. 
[0046] 

25 The present invention has been described with respect 

to an ink-jet printing apparatus, particularly a type of 
printing apparatus which has means (e.g., an electrothermal 
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transforming element, laser light) for generating thermal 
energy as energy used to discharge ink, and which causes 
a change in state of ink by the thermal energy. If this 
type of apparatus is used, improvements in printing density 
5 and resolution can be achieved. 
[0047] 

Preferably, typical arrangements and principles 
described below are used to realize this type of apparatus. 
For example, a system based on basic principles disclosed 

10 in the specifications of U.S. Patent Nos . 4723129 and 

4740796 is preferred. This system can be applied to either 
of an on-demand type or a continuous type of apparatus. In 
particular, in the case of an on-demand type, at least one 
drive signal corresponding to printing information and used 

15 to cause an abrupt increase in temperature of a fluid (ink) 
sufficient for causing film boiling is applied to an 
electrothermal transducer placed in correspondence with a 
sheet or a fluid channel in which the fluid is contained. 
The thermal energy is thereby produced from the 

20 electrothermal transforming element to cause film boiling 
at a thermal action surface of a printhead, such that a 
bubble can be formed in the fluid (ink) in a one-to-one 
relationship with the drive signal. This arrangement is 
advantageous in this respect. By the growth and 

25 contraction of this bubble, the fluid (ink) is discharged 
through an opening for discharging to form at least one 
droplet. If the drive signal is provided in pulse form. 
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suitable growth and contraction of the bubble can be 
instantaneously completed, thus achieving discharging of 
the fluid (ink) with good response in particular. 
Therefore this drive signal is preferred. 
5 [0048] 

As such drive signal in pulse form, those described 
in the specifications of U.S. Patent Nos . 4463359 and 
4345262 or the like can be suitably used. If a condition 
described in the specification of U.S. Patent No. 4313124 
10 relating to the rate at which the temperature at the 

above-mentioned thermal action surface rises is adopted, 

further improved printing can be performed. 

[0049] 

The present invention includes, as printhead 
15 arrangements, an arrangement, such as one of those 

described in the above-mentioned specifications, which 
uses a combination of a discharge nozzle, a fluid channel, 
and an electrothermal transforming element (which uses a 
straight fluid channel or a right-angled fluid channel) , 
20 and another arrangement, such as one described in the 

specification of U.S. Patent No. 4558333 or No. 4459600, 
in which the thermal action surface is placed in a bent 
region. Also, an arrangement which is disclosed in 
Japanese Patent Laid-Open No. 59-123670 and in which one 
25 common slot is provided as a discharge nozzle portion of 
a plurality of electrothermal transforming elements may be 
used. An arrangement which is disclosed in Japanese Patent 
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Laid-open No. 59-138461 and in which an opening for 
absorbing a pressure wave caused by thermal energy is formed 
in correspondence with a discharge nozzle portion may also 
be used. 
5 [0050] 

Further, a full-line type of printhead having a length 
corresponding to the width of a maximum-size printing 
medium on which the printing apparatus can perform printing 
may be arranged in such a manner that a combination of a 
10 plurality of printheads such as one of those disclosed in 
the above-mentioned specifications is used to satisfy the 
length requirement, or may be formed as one integrally- 
formed printhead. 
[0051] 

15 An interchangeable chip-type of printhead may be used 

in which establishment of electrical connections to the 
apparatus main unit and supply of ink from the apparatus 
main unit are enabled when the head is mounted in the 
apparatus main unit. A cartridge-type printhead having an 

20 ink tank integrally combined with its body may 
alternatively be used. 
[0052] 

As additional components for the printing apparatus 
of the present invention, recovery means for the printhead, 
25 preliminarily-operated auxiliary means, and so on may be 
provided, which may be advantageously used to stabilize the 
effects of the present invention. Examples of such means 
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for use with the print he ad are capping means , cleaning means , 
pressurizing means or suction means, preliminary heating 
means using an electrothermal transforming element, a 
heating element different from this, or a combination of 
5 these, and means for a preliminary discharging mode 

different from those for printing, which have the advantage 

of ensuring printing with stability. 

[0053] 

Further, the printing apparatus may have, as printing 
10 modes, not only a printing mode for printing in an ordinary 
color such as black only, but also at least one of a mode 
for multiple color printing using different colors and a 
mode for full-color printing by mixing colors by using an 
arrangement of one integrally-formed printhead or a 
15 combination of a plurality of printheads . 
[0054] 

The embodiments of the present invention have been 
described by assuming that ink is a liquid. However, a type 
of ink which solidifies at a room temperature or a 

20 temperature below room temperature, or a type of ink which 
softens or liquefies at room temperature may be used. Since 
ink-jet systems ordinarily use temperature control for 
adjusting the temperature of ink itself in a temperature 
range of 30°C to 70°C to maintain the viscosity of ink in 

25 such a range that the ink-jet performance is stable, ink 
capable of liquefying when the operating printing signal 
is applied may suffice. 
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[0055] 

To limit the increase in the ink temperature when 
thermal energy is applied, thermal energy may positively 
be used for a change in state from a solid state to a liquid 
5 state of ink. For this purpose or for the purpose of 

preventing evaporation of ink, ink which solidifies when 
shelved or not used but liquefies when heated may be used. 
The present invention can be applied to either of a system 
in which ink is liquefied by application of thermal energy 

10 according to the printing signal to discharge ink in a 
liquid state, and a system using ink which liquefies only 
when receiving thermal energy, e.g., ink which starts 
solidifying when reaching a printing medium. In such a case, 
ink may be placed so as to face the electrothermal 

15 transforming element in a state of being contained in recess 
in a porous sheet or in a through hole such as one disclosed 
in Japanese Patent Laid-Open No. 54-56847 or No. 60-71260, 
while being maintained in a liquid or solid state. 
According to the present invention, implementation of the 

20 above-described film-boiling system is most effective with 
respect to use of each of the above-described types of ink. 
[0056] 

The printing apparatus of the present invention may 
be provided in the form of an image output terminal 
25 integrally combined with an information processor such as 
a computer or provided separately from such an information 
processor, in the form of a copying machine used in 
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combination with a reader or the like, or in the form of 
a facsimile machine having transmitting and receiving 
functions . 
[0057] 

5 The present invention may be applied to a system 

constituted by a plurality of units or to an apparatus 
formed by one unit. Needless to say, the present invention 
can be implemented on the basis of supply of a program to 
a system or an apparatus. 

10 [0058] 

[Advantages of the Invention] 

According to the present invention, as described above, 
a drive signal most suitable for driving a plurality of 
printing elements is produced on the basis of printing data 

15 externally supplied and the measured temperature in the 
printhead, and the plurality of printing elements are 
driven on the basis of the drive signal and the input 
printing data. Therefore drive control of the printhead 
can be performed in such a manner that internal operations 

20 of the head are independently controlled to optimize 
printing. Thus, the load relating to printhead drive 
control on the printing apparatus using the printhead is 
reduced, high-accuracy drive control is not required of the 
printing apparatus, and the printing apparatus may control 

25 the printhead under relaxed drive conditions, thereby 

eliminating the cost required for drive control based on 
the conventional method. 
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[0059] 

Since the printhead produces an optimum drive signal 
in a self -completion manner, parts with tolerances poorer 
than those required in the conventional art can be used and 
5 the printhead can be manufactured at a reduced cost. 
[0060] 

According to the present invention in another respect, 
since ink can be discharged with stability because of drive 
control using the optimized drive signal, ink can be 
10 prevented from sticking to the thermal energy conversion 
element by being burnt, thereby ensuring sufficiently high 
reliability . 

[Brief Description of the Drawings] 
15 [Figure 1] 

Figure 1 is a block diagram showing the configuration 
of a control circuit of a printer shown in Figure 1. 
[Figure 2] 

Figure 2 is an external perspective view of a printer 
20 in accordance with an ink-jet system which represents a 
typical embodiment of the present invention. 
[Figure 3] 

Figure 3 is a block diagram showing the configuration 
of a logic circuit substrate of a printhead IJH. 
25 [Figure 4] 



- 30 - 



Figure 4 comprises graphs showing the relationship 
between temperature sensor output, A/D converter output, 
and encoder output, 
[Figure 5] 

5 Figure 5 is a time chart of various signals for driving 

the printhead IJH shown in Figure 3. 
[Figure 6] 

Figure 6 is a block diagram showing another example 
of the configuration of the logic circuit substrate of the 
10 printhead IJH. 
[Figure 7] 

Figure 7 is a time chart of various signals for driving 
the printhead IJH shown in Figure 6. 
[Figure 8] 

15 Figure 8 is a block diagram showing still another 

example of the configuration of the logic circuit substrate 
of the printhead IJH. 
[Figure 9] 

Figure 9 is a block diagram showing the configuration 
20 of a logic circuit substrate of a printhead IJH in another 
embodiment . 
[Figure 10] 

Figure 10 is a time chart of various signals for driving 
the printhead IJH shown in Figure 9. 
25 [Figure 11] 

Figure 11 is a block diagram showing the configuration 
of a logic circuit substrate of a conventional printhead. 
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[Description of symbols] 

3 logic circuit 

4 electrothermal transforming element 

5 transistor array 

6 image signal generation circuit 
7, 28 latch circuit 

8 32-bit shift register 

9 temperature sensor 

10 A/D converter 
11, 26 encoder 

12 pulse width computation circuit 
25 8-bit counter 
2 7 adder 

29 pulse generation circuit 
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[0 0 3 1] Hsti, u±(Dmmz%t)^m^<Dm^(D 
^ y!7^^^^ ^ yif^^^jitm^^ ^ y^mn 3 o cd 

h-^ntzm. mw^2 7\z^^mwmww}i^3 4m^t:> 
n^o z,(Dj:^\zLx'i%^nrzmjE'^nrz.mm/vi7.m 

oNttii^h^izKm^n. mm.m^mm'F4^mmT 

[0 0 3 2] ^^^x^^mmiz^n^i. mm^^ kcom 
T^^^mm^z^^^^x^^m^-^ntzmmmm^f^^. 
^^^;/ \^\z\^m^tircWLm±:>^<Dummmt$^mmm 

mzM.u^^^^'f^zLtu<nf,^^x. <kK>n&&:m^m 
^m^oz.t-/)^x^^. 

[0 0 3 3] ^fz. &.±mmvrz$^m^y \^x\tmm\B} 
z.t^^mT^'^^^:^^t^\y^(Dx\ t^m^y ]^<D^^m^ 

[0 0 3 4] r^:h^nmmx\i. 32\iyhyyhU>^ 
:/ay^\Ztiitir^m^tVrzf)^:^^BM\t:in{ZJ:':>X 

yu>^7 1 J RAy)^i^<Dmmy^-is^^mv^>i 3^^ 
^Lxmm.y'-i^ ^m.m/^ju:^miYnm^ 1 2(D^zfu 
y^\zx:h'r^^oumf^tLxh^\^\ :i<Dt^<Dm 
^(Dm^(D^-( A^-i^—h\tm7 \z^'rj:'o\zfj.^o z. 

^3 l<D^\zy bCDy'-^^m^^ ^>if\zmmLx^ 

my^-1^<Dy':x-'r4 tJ^yh 6 3 A^U-^ti^j^X^ 40 

[0 0 3 5] ^rz:$^nmmx\tmmmmmmt'f^isbm^ 
\^mmo:>m^xmx%^nrzm^mm^y kcd>^^ 

\z^mi.x^< m-^iz^^^^xmrnLfz:^^. :^^m\tz. 
n\z^r:>xmm^n^hcoxiftu\^\ zf^jyi$^ 
:^mnm^y \^^mmLrzt^\ztm^y \^(Dmmt& 
mm^m^WLD. 'f'jy^^m^^o:>m^\z^'Dxm 
m^y \'(Dmmmm^ny}^m^-^n^^o\zm^Lxi, 
^i^o msfc^-riHissti, •:fvy^^mmm^y\^co 
mmj^^mm±{z$^^f^nrzmmi&tfi3 9com^m^m so 
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^z:t\zj:Dxmmw}/'^jux<D±^^m^. ^mm^s 
^^±\zmn^tirzti^yt^^^4 oiz^<Dmmmm/^ji 
xm^^Af) i^xmmmm^f¥<Dy'-^^±^'r^<i:o 
\zLfzm^<Dmx$>^o msx{tm3 (a) tcs^-r 

[0 0 3 6] :i<D^vummzj:r). $m^y \^\z\t& 

(Dm^xm^mmitr^:it^^x^^. 
[0 0 3 7] t^io. msiz^fjioum^mim^y]^ 
^fflv^^a^. ai-i^2fc^-ryj>^ I J RAT 
\t. mm&tri3 9\zm^\^y3^nm.^mLx^<Dt&tjim^if 
au. iYm^nrzi&ffimizs^i^^x. -^conm^y \^co 

rz&mmm/^j\^xmn^nm^y}^{zmm-r^o z.(d^ 

A<Dmm^m. MPU 1 7 0 1 tCcfcoT^fT^n 

[0 0 3 8] 

[m<Dmmm] z.z.xi(t. iai-0 2tc^-ryu>^tc 
mwi-^n^tm^y }^(D^ii(Dmmm\z'D\,^xmm'r^o 
mi)^<Dmmmx\t. mmmm^f¥^$m^y \'\^^(d:a 
"^u^z^isbmmvx^^. mm(DmmW}i^<Dt^\zz.n 
^m^fzL. ^i^t. tm^y \^\^mzm»^nrzmm 
istafii^yu y^^m^nL^xmmmm^n^^^^i.x 
$m^y \^\z'&mi.. $^m^y\^[^^xmm^nrzmw} 
/^jiTs^^^-r^m-^^z-Di^^xmrnLrz-^^s ^^mmx 
\t^(D^oummmm^mz^ib'rL^mm<i:\zm2E'^ 
nrzmw]/t)i7.^mm^y }^\^^x^^'r^^t<Dx^ 
^m^z-Di^xmmf^o 

[0 0 3 9] 13 9 (a) \t:^mmmi,z^^o 3 2m<Dmm. 
m^^mi^^^^3 2 K-y h<Dmm^$mx^^$^m^y 
\^<D^m^^3<Dm^^^'rvay^mx$>^o m9 
(b) \t. ^mmm3<Di'D(Dm^^mx$>^:^^mm 

\Zmo/^J]^7.WtB^W\Bl^l 1 2(Dl'D(D'fay^UmU 

m^^m^':^uy^mx$>^o f^^. z.n^(Dm\z:h\y^ 
T, mj^(D^mmx^i.rz$^m^y \^tmumfS.wm\z 
'D\.^x\tm\:'^mM^nLmm^'^m-r^o -^lt. 
&.r<Dmmx^t^mmm\z^WLm<;:m^<Dmmz'D\^^x 

[0 0 4 0] y^jy^ I ] RA:^^^mm^nyy h ui^ 

7.i^8iz±:y h-^ntzMi^y^-^^tyy YVV7.^<r>% 
ya^y^ 8 a-8 d tO^ b*fCN-r^/t;UX»tiSlt©[ElSS 1 1 
2 a- 1 1 2 dHA:^^n^o ^xyy VWT.^ %o:> 

^Zfay^<D^m\Zy hJ^O^m.Lfzmi^'f'-^ 2 2 

s\zy htioy^ 2 bizxti^n^o -ys. ^-r^ 

>^*J5£[HlS& 1 7Ttl^-r ^ y^y^ y l 4;0^^#tJ^$ 

n^^-Y 5 y^m^^xii i.x'rzL-^-^tJoyh^-r 
^ >^m^2 1 ^^^L. cn^8\iy h:^oy^ 2 s 

fCA;bT^o cntCcfcoT, S\:f:y hiJOy^ 2 5:^^^ 
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[0 0 4 1] mm\Bi^3±\zm^^nrzmim'fi> 

m-^ 1 6 (CSC^I^T. A/D3i>M-5' 1 0{CJ:OA/ 
[0 0 4 2] ^LT. ^<D'T-J^)\^U^y'-^ 122 

/^;i/x^^[Hjssi 2 7Tts, mi 0<D^^ I:^^^-h\Z 
^'r^o\z. 'f\)y^\:iRAt'^^mW}v-<>lS\z^ 
-ox^^^n^mu^^ ^y^m^i 1 5^A:^L. ^ 

-r'i>o e:c7)^iEn;i/xtiffiiE/i;ux*^[Hissi 2 stem 

1 0 (c^Tct-^f::. mm^^ ^y^mm 1 5<h«jEA 

;UX 1 3 0 co^a^n^StoTSlE^a/NVl/X 12 9^^ 
[0 0 4 3] c:Oct3fcUT^^S^n;^c:fflIEISi!j/t;i.X 20 

\z\.xm%m^Wkm'f4tmw}'^ti^. 

[0 0 4 4] '^^X:^%mm\Z'^?LU. mWi^y KF*9gl$ 

\zmmmw]^^^i^mt^ ;< ^ u ^ai^sst^^i^fj: < 
[0 0 4 5] u^^'mmm-Quum^y'^miKDx.yzi 

t^'^'f =L-^^ mti(D:x:y::i-ym^\A^\zm?Lib 

n^m^LU'ox\^^^f)^^^m\'^^n\z^^xwi^^ti 

[0 0 4 6] mz^>^i^x.yhm^-l5^<D 

. 4'Tt>, >^^m^nt:>'^^rz^\zmm-^n^x.:^-)v 
^gi^^^U"if7t^) ^t®^, m%^^.:xu^'^)v^-\z^y) 
^^xmm \.rzf)% f)^i)^^:f5^\z^n\nm<D^mmit. 
{0 0 A7^ ^<Di'^mmts.mjs.'pmm\z'Dh^x\t.. 40 

*S1#fF^4 7 2 3 1 2 9-^BJ^#, fHl^4 7 4 0 

mz. ':^>'f-^y \^m<Dm'^\z\t. h>^) 
^m.%m^mw\z. %^mmmz-^^^^\.x\^^xmMm^m 

^5g*-ttL66. tm^-j\^<Dmv^mm\zmmm^^c^ so 
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"^x. ^^m\z:L(DmW}m^\zl^lx^A]^^vrzm.w 
^m<D^^. iJi^m\zj:o^mmma^:ftvxmt^ «> 

[0 0 4 8] z.(D/^)i7.m^<Dmmm^tLx\t. 
#it^4 4 6 3 3 5 9^mmm. mm4 345262^ 
mmm\ztiWi^rix\^^^^oU'bo):^m\^x\^^^o u 

±tm.i^mm<Dum±^m\zm'r^mMco^mww 
^4 3 1 3 1 2 4^Bm9\z$^m^nx\^^^^i^^mm 
-t^t. ^^^izmnfzmm^nozt^^x^^o 

[0 0 4 9] M^m^y }^(Dm^iii.x\t. ±mco^mm 
m{zm^^^nx\^^^j:vut±mn. m^. mm^m^w^i^ 
<Dm^'^t:^itm^ mu^mm^^tz\tA^mmm <d 
m^zmi^mm-^mm-r^mmzmm^nxi^^^m^^m 

^f^^m^nfmA 5 5 8 3 3 3 -^BJJfflS. TRHIfffFH 

4 4 5 9 6 0 o^BMrnm^m^^Tzm^^^^miz^^ti 
^^(Dx$>^. m^x. m^(Dm^m^mmzm^x. 

m^T^^mm 59-i23670 -^ii$B-^^X:^^;U^ 

-<Df£tim^miR~r^mn^i±mmzMjiB^i±^m^^ 
m^T^^r^m 59-138461 ^<ikm\zmr:?\,^rzm 

[0 0 5 0] ^^\z. $m&mm^mx^^m^mmm 
i^cD^^zMJt^Ltz&'^^^T^yji^^-f y^-^-fcDmu 
^y\^t\.x\t.. ±,mvrz.mmm\zmf^^nx^^^^o 
n.^Witi^^-j v^<Dm,^^t:)'^\z^'ox^(D^-^^mtz 
fffifig^, ~'i^m\zw^^^nrzimm^m^-j\^h\^x 

[0 0 5 1] ijp^T, mm:^w\zmm^n^zLtx. m 

f)^'^m\Ztl^^^^^(D=f-y^^^-f(Dmmt^y $> 

[0 0 5 2] ^Ac, :^^m(Dmm&m(DmjSLh\^xm^i^ 
en^. mu^y \^\z'^\^x(Dmm.^mi. ^^W}um^ 

#® ^ ^^{^ iJD-r ^ C t ti:*:%0^ CO^i/;^ ^ -S^^ tC T 
- K ^ fT 3 C <i: U 7t f ^ fT 5 Ac i6 fC 

-So 

[0 0 5 3] IB@^^^(7)f2g^t-F<hUTtim 
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[0 0 5 4] «±iKHJL7t*:%Bj||J|^jCi51,JT«. -f 
-O'^^'f^^SO' CIH±7 0' Cj&lTO$gH(^T-S« 

^-t LT^m^Lib^ ^txmmmz^±-r^rzsf), 

^x^m:^^ju^-mmmmzft:^crzit^\zj^-:>x-( 

Wizmm-t^n,^.x\i.mzmi\: ^,09#® o 
mj^^-)i=^-a)H^\zj:-oxmtt>xmitr^^m<D 
>'^^^mr^m^h:^mMimm-^mx'$>^, 20 
^ofs-m^-i y^\t, #MBg5 4- 5 6 8 4 7^ii^ab 
^t^tj^^Bse 0-7 1 2 6 Q^'^m\zmw.-sni,^^ 
r^^ ^nmy- hmw.±tz\t.nmji\zm->tk^rc\tmmm 
tLT««p$nfc4^^T. mn.m^mw\zn\.xn\^-r 

[0 0 5 6] $e,{CiD^T. *3«Bj(c^^|2^ggcr,^ 

•t^yrcfys. ')mmi(Dmm^m^'h(Dx$>-ox^&, 
[0 0 5 7] 1^, *fgBjfj. ^a^©*gg§;5.e,;^^$n^ 

7 A <&flt^-r -5 d i: J; o Tjt^^n-5«^(C fejgfflT 
[0 0 5 8] 

fis<i:icsc)'i.iT> m.^(ommmm^mmt^rzi^\zm. 

''^-i^-oxm^o^ammm'&mmr^cDX'. mm^y K/O^ 
'^<^(^^x&.^nzmmmm>i:m.^.o^ol,zm^ 

^7f'i^^tA^X'^^t\.^^^mA^3r,;i,^ ZtliZ^-oX. 

izW:t}^n.mmM^n, $mmmizi,mmowi[,mm 
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ttr^:it'bx' ^mm^i^xmrnx^KfjiK). mmmmiz^is^^m^L 
xi,^fz=i:7. h?:nmr^ctt)^x^^, 
[0 0 5 9] sfc. vim^y \^-^m^^^mzmmfj.m 

[0 0 6 0] $e.lCfa©%BJ(CJ;n«. «jg;S:®ffi;m^ 

imi] mnz^Ty'j>^(Dmm^^cDm^^^r^ 

im2] :^^m(o{^m6^f£mmmx$,^^>^i^:^.y}. 
:^%\z'^o yj >^<D^^mmmx$>^, 

[03] mm^y K I J H©^S(Dii^S«CD^fiE^S^-r 

X > 3 - y tti ©p^ $-s^-r ^ . 

[0 5] HStC^ftBgi-^-;/ K I J H<£^SI;-r-5fc«e)0 

[06] iBgi^-;, K I s H(Dmmm^^)Rm\<Dm0^m 

[0 7] 0 6 (C^flB^^y K I iH^mWi-r^tzii><D 
[08] i2®^>;/Kl JH®^aipISS«ffiOD$5{CSiJ© 

[0 9] fficD^j£0ij(cfie'5fB^-\.> K I J H<D-?^mm^ 
[010] 0 9(r3^-ri2^^-;/ K I J H^^mmr^tztb 
[01 1] vt3kotim^y i^'D^mfsi^&mo>mi$.m^ 

3 ISSIsIgS 

4 m^s*^^^^ 

5 YvyJTs^TV^ 

6 iii^ff^^^lHlSS 
7.28 5 •;/ J-m^ 

8 3 2 tf .y S->7 KU-:/;^;?' 

9 fiS-b >-y- 

10 A/D=I>A*-:J' 
11.26 X>n — 5^ 

1 2 AJl/XipSat^lHigS 

2 5 8 fc* S:;^;-:7>:S' 
2 7 in^li 
2 9 AJUX^^lHlgS 
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